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FIG. S
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METHOD FOR TRANSMITTING
SUB-FRAME DESIGNATION INFORMATION
TO A DOWNLINK IN A RADIO
COMMUNICATION SYSTEM

CROSS-REFERENC.

L1l

This application 1s a continuation of, and claims the
benefit of, U.S. patent application Ser. No. 14/074,937 filed
Nov. 8, 2013, which 1s a continuation of U.S. patent appli-
cation Ser. No. 13/178,360 filed Jul. 7, 2011 (now U.S. Pat.
No. 8,605,632 1ssued Dec. 10, 2013), which 1s a continua-
tion of U.S. patent application Ser. No. 12/988,240 filed Oct.
15, 2010 (now U.S. Pat. No. 8,040,827 1ssued Oct. 18,
2011), which 1s a National Stage Entry of International
Application No. PCT/KR2009/06609 filed Nov. 11, 2009
and claims priority benefit of U.S. Provisional Application
No. 61/113,233 filed Nov. 11, 2008 and Korean Patent
Application No. 10-2009-0050872 filed Jun. 9, 2009, all of
which are incorporated by reference for all purposes as it
tully set forth herein.

TECHNICAL FIELD

The present invention relates to a mobile communication
technology, and more particularly, to a method of transmut-
ting subiframe designating information in downlink.

BACKGROUND ART

In the following description, assume that ‘legacy system’
means a predefined system in advance and that ‘evolved
system’ means a system evolved from the legacy system or
a newly defined system.

‘Legacy support’ means to support a legacy system in
transmitting and recerving relations with an evolved system.
And, assume that the following two conditions are met in a
broad sense.

1) First of all, a legacy base station (hereinafter abbrevi-
ated BS) and a legacy mobile station (hereinafter abbrevi-
ated MS) are able to transmit and receive signals without
being aflected by an evolved system. And, signal transmis-
s1on and reception can be performed between the legacy BS
and an evolved MS.

2) Secondly, a BS available for both legacy and evolved
systems are able to transmit and receive signals to/from a
legacy MS and an evolved MS both.

For clarity and convenience of the following description,
3GPP LTE (3rd generation partnership project long term
evolution) system 1s assumed as a legacy system and, 3GPP
LTE-advanced (heremafter abbreviated LTE-A) system 1is
assumed as an evolved system.

After a basic configuration of system has been estab-
lished, 1if a new service 1s added, a problem of legacy support
1s always caused. Specifically, a system needs to be evolved
in a direction for not aflfecting performance of a legacy
system. For this, an important control channel used for a
legacy system should be protected. Yet, it 1s not preferable
that the protection for the legacy system degrades perfor-
mance of a new technical component.

FIG. 1 1s a diagram of a radio FDD (Irequency division
duplexing) frame structure in 3GPP LTE system 1n case of
a normal cyclic prefix (CP).

Referring to FI1G. 1, 1n the radio frame structure, one radio
frame (e.g., a length of the radio frame 1s 10 ms) 1is
constructed with total 10 subirames (e.g., a length of each
subirame 1s 1 ms). And, usages of some of the subirames are
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specified. In particular, usages of 07, 47, 57 and 9” sub-
frames are specified as follows.
First of all, the 07 and 5" subframes (i.e., subframe 0 and

subiframe 5 shown 1n FIG. 1) are configured to carry primary
synchronization channel (PSCH) and secondary synchroni-
zation channel (SSCH) for a synchronization signal, respec-
tively. The 07 subframe is configured to carry a physical
broadcast channel (PBCH) as well as the synchronization
signal. Therefore, the 0” subframe in a system is configured

to carry the SSCH, PSCH and PBCH and the 5 subframe
is configured to carry the SSCH and PSCH. A 4" subframe

(represented as subirame 4 1n FIG. 1) 1s configured to carry
SIB (system information block) information. And, a 9
subirame (represented as subiframe 9 1n FIG. 1) 1s defined as
a special subframe for unicast.

Particularly, in each of the 07 and 5” subframes, a 57
OFDM (orthogonal frequency division multiplexing) sym-
bol is an OFDM symbol for carrying SSCH and a 6” OFDM
symbol is an OFDM symbol for carrying PSCH. In the 0%
subframe, 77 to 10” OFDM symbols are OFDM symbols for
carrying PBCH.

FIG. 2 1s a diagram for explaining a principle of HARQ
(hybrid automatic repeat request).

Retferring to FIG. 2, HARQ 1s the hybnd technique
generated from combining ARQ technique of MAC layer
and channel coding scheme of physical layer together, as
inferred from the name of the HARQ. In HARQ, since an
initially transmitted packet, which 1s erroneous, 1s a signal
P, , having a prescribed imnformation size, 1t 1s stored rather
than discarded until a retransmitted signal 1s received. Soft
combining 1s then performed on the stored signal together
with the retransmitted signal P, ;. Alternatively, a signal 1s
decoded by a different method using the initially transmatted
signal and the retransmitted signal together. In FIG. 2, the
P, , and the P, 5 are rendered from the same information bit,
1.e., the same channel encoder input packet P, and are
transmission packets identical to each other or slightly
different from each other, respectively. And, P, , indicates a
packet rendered from a new channel encoder iput packet
P,.

In the above described frame structure, a physical struc-
ture of data communication uses HARQ but 1ts period 1s
defined as Hp (e.g., 8 ms). This means a structure that Hp
processes can be carried on subframes by being interlaced,
respectively. Hence, 1t can be observed that they can be
repeated with Hp subirame interval.

On the contrary, if a transmit unit of a radio frame
transmitted by a base station 1s set to Rp, the radio frame 1s
repeatedly transmitted by a period Rp (e.g., 10 ms) that 1s the
transmit unmt of the radio frame.

Under this circumstance, 11 a subirame of a specific type
1s designated, how to configure subirame designating infor-
mation of the specific type causes a problem. For instance,
the subirame of the specific type can include one of MBSFN
(Multimedia Broadcast multicast service Single Frequency
Network) subirame, relay subirame, blank subirame, Posi-
tioning subirame, LTE-A subirame, and the like.

DISCLOSURE OF THE INVENTION
Technical Problem
Technical Solution

Accordingly, the present invention 1s directed to a method
of transmitting subirame designating information 1 down-
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link that substantially obviates one or more of the problems
due to limitations and disadvantages of the related art.

In case that a subirame of a specific type 1s designated, an
object of the present invention 1s to provide a method of
transmitting information on the designation i a wireless
communication system.

Additional features and advantages of the invention waill
be set forth 1n the description which follows, and 1n part wall
be apparent from the description, or may be learned by
practice of the mvention. The objectives and other advan-
tages of the mvention will be realized and attained by the
structure particularly pointed out in the written description
and claims thereof as well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described, a method of transmitting subiframe des-
ignating information, which 1s transmitted in downlink 1n a
wireless communication system, includes the steps of gen-
crating the subirame designating information for designat-
ing a subiframe of a specific type 1 a radio frame and
transmitting the generated subirame designating information
to a user equipment, wheremn the subiframe designating
information includes initial location information indicating
an 1nitial location of the subirame of the specific type on the
radio frame and period information indicating a period for
the subirame of the specific type to be repeated.

Preferably, the radio frame 1s a radio FDD (frequency
division duplexing) frame, the radio frame includes 10
subframes, and the subirame designating information
includes the initial location information and the period
information on at least one of the rest of the 10 subirames
except 07, 47 57 and 9 subframes of the 10 subframes.

Preferably, the subframe of the specific type includes at
least one selected from the group consisting of an MBSFN
(Multimedia Broadcast multicast service Single Frequency
Network) subirame, a relay subirame, a positioning sub-
frame, an LTE-A (Long Term Evolution-Advanced) sub-
frame, and a CSI-RS subirame.

To further achieve these and other advantages and in
accordance with the purpose of the present invention, a
method of transmitting subirame designating information,
which 1s transmitted 1n downlink 1n a wireless communica-
tion system, includes the steps of generating the subiframe
designating information for designating a subirame of a
specific type 1n at least one radio FDD (frequency division
duplexing) frame and transmitting the generated subirame
designating information to a user equipment, wherein the at
least one radio FDD frame includes 10 subirame and
wherein the subirame designating information includes bit-
map information for designating some of the subirames to
subirames of the specific type.

Preferably, the bitmap information includes 6-bit infor-
mation for designating the subirame of the specific type
within the at least one radio FDD {rame, bits of the 6-bit
information indicate whether 1°7, 274, 3" 6" 7" and 8"
subiframes within the at least one radio FDD 1frame are
designated from the far lett side of the 6-bit information to
the subiframes of the specific type. If each of the bits 1s set
to 1, 1t indicates that the corresponding subirame 1s set to the
subirame of the specific type.

Preferably, the bitmap imnformation includes 24-bit infor-

mation for designating the subirames of the specific type
within 4 consecutive radio FDD frames. In this case, bits of
the 24-bit information indicate whether 157, 2%, 37 g™ 7%
and 8” subframes within each of the radio FDD frames
starting from a {first one of the 4 consecutive radio FDD
frames are designated from the far left side of the 24-bit
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information to the subiframes of the specific type, and
wherein i1t each of the bits 1s set to 1, it indicates that the
corresponding subirame 1s set to the subframe of the specific
type.

More preferably, the subirame of the specific type
includes at least one selected from the group consisting of an
MBSFN (Multimedia Broadcast multicast service Single
Frequency Network) subirame, a relay subirame, a position-
ing subframe, an LTE-A (Long Term Evolution-Advanced)
subframe, and a CSI-RS subirame.

To further achieve these and other advantages and in
accordance with the purpose of the present invention, a
method of transmitting subirame designating information,
which 1s transmitted 1 downlink 1n a wireless communica-
tion system, includes the steps of generating the subiframe
designating information for designating a subirame of a
specific type 1n at least one radio frame and transmitting the
generated subirame designating information to a user equip-
ment, wherein the radio frame 1includes a prescribed number
of subframes and wherein the subframe designating infor-
mation includes pattern mnformation representing a location
of the subirame of the specific type within the at least one
radio frame as a pattern.

Preferably, the at least one radio frame 1s a radio FDD
(frequency division duplexing) frame, the radio FDD frame

includes 10 subirames, and the subiframe designating infor-
mation includes the pattern information for setting the rest of
the 10 subframes except 07, 4”, 5% and 9” subframes of the
10 subirames to the subirames of the specific type.

Preferably, the subframe of the specific type includes at
least one selected from the group consisting of an MBSFN
(Multimedia Broadcast multicast service Single Frequency
Network) subirame, a relay subirame, a positioning sub-
frame, an LTE-A (Long Term Evolution-Advanced) sub-
frame, and a CSI-RS subirame.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the mvention as claimed.

Advantageous Ellects

According to embodiments of the present invention, a
subiframe of a specific type 1s designated within a radio
frame while a legacy system (e.g., 3GPP LTE system) 1s
supported. A user equipment can be then mnformed of
information on the designated subirame.

DESCRIPTION OF DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are 1ncor-
porated 1n and constitute a part of this specification, 1llustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

In the drawings:

FIG. 1 1s a diagram of a radio FDD (frequency division
duplexing) frame structure in 3GPP LTE system 1n case of
a normal cyclic prefix (CP);

FIG. 2 1s a diagram for explaining a principle of HARQ
(hybrid automatic repeat request);

FIG. 3 1s a flowchart for a method of transmitting sub-
frame designating nformation including initial location
information and period information of a subirame of a
specific type according to one embodiment of the present
invention;
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FIG. 4 1s a flowchart for a method of transmitting sub-
frame designating information including bitmap information
ol a subirame of a specific type according to one embodi-
ment of the present invention;

FIG. 5 1s a flowchart for a method of transmitting sub-
frame designating information including pattern information
according to one embodiment of the present invention; and

FIG. 6 1s a block diagram for a configuration of a device

applicable to a user equipment or a base station to implement
the present ivention.

BEST MOD.

(L]

Mode for Invention

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which
are 1llustrated 1n the accompanying drawings. In the follow-
ing detailed description of the invention includes details to
help the full understanding of the present invention. Yet, 1t
1s apparent to those skilled in the art that the present
invention can be implemented without these details.

Occasionally, to prevent the present invention from get-
ting vaguer, structures and/or devices known to the public
are skipped or can be represented as block diagrams cen-
tering on the core functions of the structures and/or devices.
Wherever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.

The present invention proposes a periodic setting method
and a non-periodic setting method as a method of setting a
subiframe of a specific type within a radio frame. The
subirame of the specific type can include MBSEFN (Multi-
media Broadcast multicast service Single Frequency Net-
work) subframe. In case that a system supports a relay, the
subirame of the specific type can include a relay subirame
or a blank subirame. In case that LTE-A system 1s introduced
as an evolved system, the subirame of the specific type can
include a LTE-A subirame for supporting LTE-A system, a
positioning subirame for supporting a geographical posi-
tiomng of a user equipment and CSI-RS (Channel State
Information-Reference signal) contained subirame in which
CSI-RS for channel measurement exists, or the like.

As a type of setting a corresponding pattern periodically,
it 1s able to consider a scheme of indicating simply the type
ol a specific subirame or a scheme of indicating a specific
pattern about the type of the specific subirame.

The non-periodic setting method can consider a scheme of
broadcasting a type of a subiframe to a system at the timing,
point of setting the type of the subirame or a scheme of
unicasting a type of a subirame to a specific user equipment
(hereinatfter abbreviated UE) or a target system group at the
timing point of setting the type of the subiframe.

First Embodiment

In the following description, a periodic setting method 1s
explained for a method of setting a subirame of a specific
type within a radio frame according to one embodiment of
the present imvention.

For a method of setting a subirame of a specific type
within a radio frame, 1n case of designating the subirame of
the specific type, a periodic setting method 1s characterized
in setting a period of the designation to a predetermined
value.

In particular, bitmap information, in which information on
the setting of a type of each subiframe within a radio frame
1s 1mplemented into a bitmap, 1s transmitted as system
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6

information together with a period and an ofiset value for a
start point of applying the corresponding bitmap. Alterna-
tively, imitial location information of a subirame of a specific
type and information on a period indicating that the sub-
frame of the corresponding type appears with a prescribed
period are transmitted. This may correspond to a case that a
subirame of a specific type defined in one radio frame has a
period of the radio frame. In this case, the radio frame can
include a radio FDD (frequency division duplexing) frame.

For mstance, a method of designating MBSFN subirame
in a radio Frequency Division Multiplexing (FDD) frame
(e.g., a length of the radio frame 1s 10 ms) 1s explained as
tollows. First of all, a radio FDD frame (e.g., a length of the
radio frame 1s 10 ms) 1s constructed with total 10 subframes
(c.g., a length of each subframe 1s 1 ms). And, usages of
some of the subframes are specified. In particular, usages of
07 47 5" and 9” subframes are specified. Therefore,
subirames available for designating subiframes of specific
type within one radio FDD frame include 17, 279, 37, 6™, 7%
and 8” subframes.

FIG. 3 1s a flowchart for a method of transmitting sub-
frame designating information including initial location
information and period information of a subirame of a
specific type according to one embodiment of the present
invention.

Referring to FIG. 3, in a radio frame, a base station
generates subframe designating information including aitial
location information ndicating an imitial location of a sub-
frame of a specific type on the radio frame and period
information idicating a period of repetition of the subiframe
of the specific type (S310). And, the base station transmits
the generated subirame designating information to a user
equipment (S320).

For instance, the subirame designating information can
include 1nitial location mformation of the subiframe desig-
nated as a specific type among 1%, 2%, 3™ 67, 77 and 8"
subiframes and period information indicating a period of
repetition of the subirame of the specific type.

FIG. 4 1s a flowchart for a method of transmitting sub-
frame designating information including bitmap information
of a subframe of a specific type according to one embodi-
ment of the present invention.

Referring to FIG. 4, 1n at least one radio FDD frame, a
base station generates subirame designating information
including bitmap information for designating a subframe of
a specific type (S410). And, the base station transmits the
generated subirame designating information to a user equip-
ment (S420). Configurational contents of the bitmap infor-
mation are explained as follows.

First of all, in configuring bitmap information for desig-
nating MBSFN subirame, 1n case that the MBSFN subirame
1s designated within one radio FDD frame, there are total six
subframes including 1%, 274, 3’ 6", 77 and 8” subframes
as subirames that can be designated as the MBSEFN sub-
frames. Hence, a bitmap 1s constructed with, 6 bits. And, the
6 bits are allocated in a manner of setting the 17, 2", 37, 6™,
77 and 8” subframes to the MBSFN subframes in order
starting from the far leit side of the 6 bits. If each of the bits
1s set to 1, 1t indicates that the corresponding subirame 1s set
to the MBSFEN subirame. If the corresponding bit 1s set to O,
it indicates that the corresponding subirame is not set to the
MBSFN subirame.

Alternatively, in configuring the bitmap information, 1t 1s
able to set the MBSFEN subirames for the prescribed number
of consecutive radio FDD {rames instead of not being
limited to one radio FDD frame only as mentioned 1n the
foregoing description. For instance, in case of designating
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MBSFN subirames for 4 consecutive radio FDD {rames,
since there are 6 subframes that can be designated as the
MBSFN subirames within each of the radio FDD frames, a
bitmap can be constructed with, 24 bits. And, the 24 bits are
allocated in a manner of setting the 1%7, 2%, 3*"‘5’1 6™, 7% and
8” subframes included in each of the 4 consecutive radio
FDD frames to the MBSFN subirames 1n order starting from
the far left side of the 24 bits. If each of the bits 1s set to 1,
it indicates that the corresponding subiframe is set to the
MBSFEN subframe. If the corresponding bit 1s set to 0, 1t
indicates that the corresponding subirame 1s not set to the
MBSFEN subframe.

The above described MBSFN subirame designating
method 1s usable to designate another kind of subirame of a
specific type as well as MBSFN subirame. In this case,
another kind of subiframe of a specific type can include a
relay subirame, a positioning subirame, an LTE-A subirame
and a CSI-RS contained subframe.

Particularly, since a subiframe of a specific type recog-
nized by a legacy user equipment includes only MBSFN
subirame, when a subirame of a specific type 1s generated by
Rel-9 (release-9) system or LTE-A system, 1f the generated
subirame of the specific type 1s set not to be accessed by the
legacy user equipment, the corresponding subirame 1s set to
MBSFN. And, the additional setting for this can be indicated
again by the above described type.

In doing so, the mdicating method can be a method where
the above described method 1s applied once more. On the
contrary, a subiframe, which causes no problem if accessed
by a legacy user equipment, can be indicated by subirame
type indication that 1s newly defined unlike a field indicating
MBSFN subirame.

In one radio frame, a plurality of subirames of the same
type can exist with diflerent periods, respectively.

Meanwhile, 1n case of designating a subirame of a specific
type based on a period, the subframe of the specific type can
be overlapped with a specific subiframe of a legacy system
according to the period.

In the above explained frame structure, a physical struc-
ture of data communication uses HARQ and 1ts period 1s
defined as Hp (e.g., 8 ms). This means a structure that Hp
processes can be carried on subframes by being interlaced,
respectively. Hence, it can be observed that they can be
repeated with Hp subirame interval.

On the contrary, 1if a transmit umt of a radio frame
transmitted by a base station 1s set to Rp, the radio frame 1s
repeatedly transmitted by a period Rp (e.g., 10 ms) that 1s the
transmit unit of the radio frame.

For example, in case of LTE system, since 07, 4%, 57 and
0™ subframes are defined as unicast, it may happen that a
period of a subirame of a specific type i1s periodically
overlapped with the 07, 47, 5 and 9" subframes, unless the
period 1s not a multiple of 10 ms. In this case, although the
07, 47 57 and 97 subframes are taken as examples, they can
be changed.

In LTE system, since a period of HARQ process 1s 8 ms,
HARQ process ID rotates by 8 ms period. Hence, 11 a period
ol a subirame of a specific type 1s not 8 ms, 1t may happen
that the subframe of the specific type 1s periodically over-
lapped with the HARQ process.

In order to prevent this situation, 1t 1s able to determine a
period of a subframe of a specific type based on a specific
rule.

In particular, a period Sp of a subframe of a specific type
can be set and a window Wp connected to the period Sp can
be determined. If a prohibited subframe (e.g., the 07, 47, 5%
or 97 subframe in the LTE system) exists within a range of
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the window Wp at a position of the period Sp, 1t 1s able to
set a subiframe having a biggest or smallest index or a
subirame closest to the Sp among the rest of the subirames
except the corresponding prohibited subirame to a subirame
ol a specific type.

For instance, i case of LTE system, a period of a
subirame of a specific type can be set to Sp=8 ms and a
window can be set to Wp=3 ms. Table 1 shows a location of
a subirame of a specific type if a period of a subirame of a
specific type 1s set to Sp=8 ms and a window 1s set to Wp=3
ms. In Table 1, ‘Rp’ indicates a transmit unit of a radio frame
transmitted by a base station. In Table 1, an mitial location
value of a subirame of a specific type 1s 1 and this value 1s
changeable.

TABLE 1
Selection
reference Subframe index
Smallest Rp*0+1,Rp*0+7,Rp*1+7,Rp ™2+ 3,
index Rp *3 + 3
Biggest Rp*0+1,Rp*1+1,Rp*1+7,Rp*2+6,
index Rp *3 + 2
Index closest Rp*0+1,Rp*0+&8 Rp*1+7,Rp*™2+6,
to Sp Rp *3+3

In Table 1, a subframe index indicates the n™ time of a
subirame Wlthm a radio frame.

In Table 1, if a selection criteria 1s to select a small index,
as an 1nitial location of a subirame of a specific type 1s 1 and
a period Sp is 8 ms, a next subframe should be 9”. However,
since the 9” subframe is prohibited to use, if the window Wp
is applied in the 9” subframe, the window Wp is applied
toward a smaller index. Hence, it is able to designate 7% and
8”7 subframes to subframes of the specific type. As it is
supposed to select a subirame having the smallest index, the
77 subframe is finally selected.

In Table 1, 1f a selection criteria 1s to select a small index,
as an mitial location of a subirame of a specific type 1s 1 and
a period Sp is 8 ms, a next subframe should be 9”. However,

since the 9” subframe is prohibited to use, if the window Wp

is applied in the 97 subframe, the window Wp is applied

toward a smaller index. Hence, it is able to designate 7 and
87 subframes to subframes of the specific type. As it is
supposed to select a subiframe having the smallest index, the
77 subframe is finally selected.

In Table 1, 11 a selection criteria 1s to select a big index,
as an 1nitial location of a subirame of a specific type 1s 1 and
a period Sp is 8 ms, a next subframe should be 9”. However,
since the 9” subframe is prohibited to use, if the window Wp
is applied in the 9” subframe, the window Wp is applied
toward a bigger index. Hence, it is able to select a 1%
subiframe of a next radio frame as a subirame of the specific
type. Yet, as 1t 1s supposed to select a subframe having a
smallest index, the 77 subframe is finally selected.

The rest of the subiframes are selected 1n the same manner
of the above description.

In Table 1, 1f a selection criteria 1s to select an index
closest to Sp, a subirame, which can be set to a subirame of
a specific type by applying a period Sp, 15 selected from
subirames of the specific type. If the subirame having the
period Sp applied thereto corresponds to one of 07, 47 5%
and 9” subframes and is unable to be selected as the
subframe of the specific type, subframes closest to the 07,
47 57 and 9 are selected as the subframes of the specific

type.
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Although the above description 1s made by taking a radio
FDD frame as an example, the above method 1s applicable
to a radio TDD (time division duplexing) frame as well. For
mstance, a radio TDD frame includes 10 subframes. And, it
1s able to designate a subirame of a specific type by applying
the above method to at least one of the rest of subirames

except the prohibited 07, 1%, 4” and 57 subframes. And, the
prohibited subframes are changeable.

Second Embodiment

For a method of setting a subirame of a specific type
according to one embodiment of the present mvention, a
hopping-pattern-based periodic setting method will be
explained 1n the following description.

FIG. 5 1s a flowchart for a method of transmitting sub-
frame designating information including pattern information
according to one embodiment of the present invention.

Referring to FIG. 5, 1n at least one or more radio frames,
a base station generates sublframe designating information
including pattern information designating a subirame of a
specific type (5510). And, the bas station transmits the
generated subirame designating information to a user equip-
ment (S520). In this case, the pattern imnformation indicates
a location of the subirame of the specific type within the
radio frame as a pattern. The pattern information will be
explained as follows.

First of all, according to a hopping-pattern-based periodic
setting method, after a pattern of a specific from has been
predetermined, 1t 1s used by being designated by a system.
For instance, a pattern of uniform selection for the number
of specific radio frames (1.e., Nr radio frames) 1s predeter-
mined. In this case, 1t 1s able to define a offset uniform for
a selected pattern 1n addition. After such a pattern has been
defined, when a system defines a subirame of a specific type,
if an 1ni1tial subirame 1index value and pattern (offset can be
announced 1n addition) are determined, a user equipment
keeps being aware of a location of the subframe of the
specific type.

Once the hoping pattern 1s determined in the above
manner, 1t can be utilized to match a period failing to match
another system operation by easily hopping restrictions
imposed on an 1wrregularly appearing subirame. For instance,
in case of LTE system, a period of HARQ process 1s 8
subirames (1 ms for one subirame), a period of a radio frame
1s 10 subirames (1 ms for one subirame), and unusable
frames are 07, 47, 5” and 8” subframes. For example, in
case ol generating a pattern for minimizing intluence on
HARQ process, Table 2 shows an example of hopping
pattern in consideration of HARQ process period 8 ms.

TABLE 2
pattern ID Subframe index
O(a=0,1,...,9) Rp*0+a, Rp*1+a Rp*2+a, Rp*¥3+a
1 Rp *[-1,0]+[8, 1], Rp* 0+ & Rp *1 + 6,
Rp*2+[3,6],Rp™*3+2
2 Rp* 0+ 1, Rp*[0, 1]+ [& 1], Rp * 1 + 7,
Rp*2+[3,6,Rp*3+3
3 Rp 0+ 2, Rp*[0, 1]+ [& 1], Rp * 1 + &,
Rp*2+ 6, Rp* 3 +[3, 6]
4 Rp*0+3, Rp* 0+ 1, Rp *[1, 2] + [8, 1],
Rp*2+ 7, Rp* 3 +[3, 6]
5 Rp 0+ [3,6,Rp*1+2, Rp*[1,2]+][8, 1],

Rp*2+8 Rp*3+6

In this case, a generated pattern 1s usable 1n a manner that
its order 1s randomly circular-shifted. In Table 2, [x, V]
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means that it can have both values of x and y. In Table 2,
although prohibited subframes are 07, 4%, 57 and 9 sub-

frames, the prolibited subirames are changeable iI neces-
sary.

In the following description, for a method of setting a
subirame of a specific type according to one embodiment of
the present invention, a non-periodic setting method will be
explained.

Third Embodiment

A non-periodic setting method 1s a scheme of announcing
a type of a sublframe based on scheduling instead of
announcing a subirame type 1n the above-described system
information format. In particular, a location of a subiframe of
a specific type 1s indicated at a start of a corresponding radio
frame or a location, at which a subirame of a specific type
1s always located, 1s indicated at a location of a specific radio
frame.

For instance, in LTE system, if 0” subframe is not
available for another usage, 1t 1s able to adopt a scheme of
announcing a definition of one radio frame interval each
time using 1°° subframe.

In this case, however, it 1s unable to avoid collision
between the 1% subframe and HARQ process. Therefore, it
1s able to consider a scheme of announcing a type of a
subframe occasionally once. In particular, if a period of
HARQ process 1s 8 ms and a period of a radio frame 1s 10
ms, 1t 1s able to announce information on a subirame type at
a specific location each 40 or 80 ms that 1s the common
multiple in-between. It so, as HARQ process ID experiences
collision at a specific ID by a period o1 40 or 80 ms only, this
scheme can be regarded as a safe method. In doing so, it 1s
possible to announce all types of subframes within a corre-
sponding period. Such a long-duration announcement of
information 1s possible using system information as well.

In case that a subframe type 1s announced using system
information, the announcement can be done by setting such
a scheme of a bitmap. Alternatively, a combination of the
aforesaid period using method and the aforesaid hopping
pattern using method 1s applicable to the announcement.

If the periodic method among the above described meth-
ods, when a subiframe of a specific type 1s designated, the
method of designating a subirame of a specific type by
preventing a case that the subirame of the specific type 1s
overlapped with an index of a prohibited subirame 1s taken
into consideration. The prohibited subirame can be defined
different according to a subframe of a specific type and may
not exist at all.

Actually, it may, however, happen that some of the
prohibited subiframes are usable. For instance, in case of
LTE system, there exists possibility that 07, 5 and 9
subframes among 07, 4”7, 5 and 9” subframes are usable
except the 4” subframe. Therefore, in case of setting a
period by allowing the overlapping with theses subirames,
setting for the overlapped subirames i1s necessary. In par-
ticular, mstead of using one whole subirame, OFDM sym-
bols of the corresponding subirame are partially regarded as
corresponding to a specific subirame type.

For instance, 57 and 6” OFDM symbols in 07 subframe
are sued as SCH and 77 to 10” OFDM symbols in the 07
subirame are used as PBCH. As a common reference signal
and PDCCH exist, the OFDM symbols remaining except the
common reference signal and the PDCCH are designated to
a specific subirame type to use. In particular, assuming that
a relay uses such a subirame, when the subirame 1s desig-
nated to the relay, if a corresponding OFDM symbol 1s not
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for the relay, all signal should be transmitted. And, a
structure enabling a different work to be done 1n an OFDM
symbol for the relay 1s possible.

If a case that a specific subiframe type 1s overlapped with
an 1ndex of a prohibited subirame 1s allowable, an accessible
method can adopt the following means different for each

control channel.

1. SCH (Synchromization CHannel), PBCH (Physical
Broadcast CHannel):

As the control signal 1s a signal that should be transmitted
according to an mitial access and intra/inter-RAT (Radio
Access Technology) request, 1t must exist despite that a
subirame type 1s overridden.

2. SIB (System Information Block):

If system information 1s transmitted 1n a structure of
occupying one whole subirame, 1t 1s unable to switch a type
of this subirame to another kind of subirame type. In this
case, another adjacent subiframe 1s used or hopped. If 1t 1s
possible to transmit and receive signals by having the signals
carried on different subcarriers on a frequency axis, respec-
tively, a different type 1s usable even 11 such control nfor-
mation configured to occupy one whole subframe as SIB.

3. Common Reference Signal

If 1t 1s determined that common reference signals exist
enough to measure a channel, 1t s able to decrement the
number of the common reference signals. In particular, 1t 1s
able to design a type of supporting common reference
signals existing on specific OFDM symbol(s) instead of
supporting all common reference signals spreading over one
subirame, 1.e., a type of allowing first one or two OFDM

symbols for example of LTE system.
4. PDCCH (Physical Downlink Control Channel)+PH-

ICH (Physical Hybrid ARQ Indicator CHannel):

Length of such a control channel as PDCCH and PHICH
1s variable according to a value of PCFICH (Physical
Control Format Indicator CHannel) and can be limited to a
specific value according to a subirame type. For mstance, 1n
case of a subframe type for a relay, the length can be set to
0. In case of this setting, a corresponding subirame seems to
be a blank subirame in viewpoint of a user equipment or a
base station.

The above-described contents are applicable to a common
reference signal and PCFICH, PDCCH, PHICH and the like
as well as a use-prohibited subirame.

FIG. 6 1s a block diagram for a configuration of a device
applicable to a user equipment or a base station to implement
the present ivention.

Referring to FIG. 6, a device 600 includes a processing
unit 601, a memory unit 602, an RF (radio frequency) umit
603, a display unit 604 and a user interface unit 605. A layer
ol a physical interface protocol 1s performed by the process-
ing umt 601. The processing unit 601 provides a control
plane and a user plane. A function of each layer can be
performed by the processing unit 601. The memory unit 602
1s electrically connected to the processing unit 601.

And, an operating system, applications and general files
are stored 1n the memory unit 602. If the device 600 1s a user
equipment, the display umt 604 is able to display various
kinds of informations. And, the display unit 604 can be
implemented using a well-known LCD (liquid crystal dis-
play), an OLED (organic light emitting diode) display and
the like. The user interface unit 6035 can be configured by
being combined with such a well-known user interface as a
keypad, a touchscreen and the like. The RF unit 603 1s
clectrically connected to the processing unit 601. The RF
unit 603 transmits or receives a radio signal.
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In this disclosure, embodiments of the present invention
are described centering on the data transmission/reception
relations between a base station and a user equipment. In this
case, the base station can include eNB (evolved NodeB) and
1s meaningful as a terminal node of a network which directly
performs communication with a user equipment. In this
disclosure, a specific operation explained as performed by a
base station can be performed by an upper node of the eNB
1n sOme cases.

In particular, in a network constructed with a plurality of
network nodes including an eNB, various operations per-
formed for communication with a UE can be performed by
the eNB or other networks except the eNB. In this case,
‘eNB’” can be replaced by such a terminology as a fixed
station, a Node B, an access point and the like.

And, according to the present invention, ‘user equipment’
corresponds to a mobile station (MS). And, the mobile
station (MS) can be replaced by such a terminology as a
subscriber station (SS), a mobile subscriber station (MSS),
a mobile terminal and the like.

Moreover, a user equipment of the present invention can
include one of PDA (Personal Digital Assistant), cellular
phone, PCS (Personal Communication Service) phone,
GSM (Global System for Mobile) phone, WCDMA (Wide-
band CDMA) phone, MBS (Mobile Broadband System)
phone and the like.

While the present invention has been described and
illustrated herein with reference to the preferred embodi-
ments thereot, 1t will be apparent to those skilled in the art
that various modifications and varnations can be made
therein without departing from the spirit and scope of the
invention. Thus, 1t 1s mtended that the present imvention
covers the modifications and variations of this invention that
come within the scope of the appended claims and their
equivalents. And, 1t 1s apparently understandable that an
embodiment 1s configured by combining claims failing to
have relation of explicit citation 1 the appended claims
together or can be included as new claims by amendment
alter filing an application.

Embodiments of the present invention can be imple-
mented using various means. For mstance, embodiments of
the present mvention can be implemented using hardware,
firmware, software and/or any combinations thereof.

In the implementation by hardware, a method according
to each embodiment of the present invention can be imple-
mented by at least one selected from the group consisting of
ASICs (application specific integrated circuits), DSPs (digi-
tal signal processors), DSPDs (digital signal processing
devices), PLDs (programmable logic devices), FPGAs (field
programmable gate arrays), processor, controller, microcon-
troller, microprocessor and the like.

In case of the implementation by firmware or software, a
method according to each embodiment of the present inven-
tion can be implemented by modules, procedures, and/or
functions for performing the above-explained functions or
operations. Software code 1s stored 1n a memory unit and 1s
then drivable by a processor. The memory unit 1s provided
within or outside the processor to exchange data with the
processor through the various means known in public.

INDUSTRIAL APPLICABILITY

Accordingly, the present invention 1s applicable to an
evolved system as well as a legacy system.
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What 1s claimed 1s:

1. A method of transmitting, by a base station, multimedia
broadcast multicast service single frequency network (MB-
SFN) subirame information, the method comprising;:

configuring a MBSFN subframe 1n at least one radio

frame; and

transmitting MBSFN subirame information,

wherein the MBSFEN subirame information has a bitmap

for a specific number Nr of radio frames, each of which
includes 10 subirames,
wherein the bitmap includes a plurality of bits respec-
tively corresponding to a plurality of subirames
included 1n the specific number Nr of radio frames,

wherein each of the plurality of bits indicates whether or
not a corresponding subframe 1s allocated for the
MBSFN,

wherein at least the 07, 4”, 5 or 9" subframe among 0™

to 9” subframes of each one of the specific number Nr

of radio frames are not allocated for the MBSFN,
wherein the specific number Nr 1s 4,
wherein the specific number Nr of radio frames that
contain a subirame allocated for the MBSFN according
to the bitmap occur periodically,

wherein the MBSFN subirame information includes ofl-

set 1nformation indicating from which subirame the
bitmap 1s applied, and

wherein, when the 07, 57 or 9” subframe among the 0"

to 9” subframes of any one of the specific number Nr
of the radio frames 1s allocated for the MBSFN by the
bitmap, orthogonal frequency division multiplexing
(OFDM) symbols, other than OFDM symbols used for
a synchronization channel, a physical broadcast chan-
nel, a common reference signal and a physical down-
link control channel, from among a plurality of OFDM
symbols belonging to the allocated 07, 57 or 9 sub-
frame are used for the MBSFN.

2. The method of claim 1, turther comprising;:

transmitting information indicating with which periodic-

ity the specific number Nr of radio frames that contain
a subirame allocated for the MBSFN occur and infor-
mation indicating when the specific number Nr of radio
frames that contain a subirame allocated for the
MBSFEN starts to occur.

3. The method of claim 1, wherein the 4”7 subframe is not
usable for the MBSFN.

4. A base station for transmitting multimedia broadcast
multicast service single frequency network (MBSFN) sub-
frame imnformation, the base station comprising:

a radio frequency (RF) unit; and

a processing unit, electrically connected to the RF unait,

that:

configures a MBSFN subirame 1n at least one radio frame,

and

controls the RF unit to transmit MBSFN subirame infor-

mation,

wherein the MBSFEFN subframe information has a bitmap

for a specific number Nr of radio frames, each of which
includes 10 subirames,
wherein the bitmap includes a plurality of bits respec-
tively corresponding to a plurality of subirames
included in the specific number Nr of radio frames,

wherein each of the plurality of bits indicates whether or
not a corresponding subirame 1s allocated for the
MBSFN,

wherein at least the 07, 4”, 5 or 9" subframe among 0™
to 9 subframes of each one of the specific number Nr
of radio frames are not allocated for the MBSFEN,
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wherein the specific number Nr i1s 4,

wherein the specific number Nr of radio frames that

contain a subirame allocated for the MBSFN according

to the bitmap occur periodically,

wherein the MBSFEFN subframe information includes ofl-
set information indicating from which subirame the
bitmap 1s applied, and

wherein, when the 07, 5% or 9” subframe among the 0"

to 9” subframes of any one of the specific number Nr

of the radio frames 1s allocated for the MBSEN by the

bitmap, orthogonal frequency division multiplexing

(OFDM) symbols, other than OFDM symbols used for

a synchronization channel, a physical broadcast chan-
nel, a common reference signal and a physical down-
link control channel, {from among a plurality of OFDM

symbols belonging to the allocated 07, 5 or 9” sub-
frame are used for the MBSFN.

5. The base station of claim 4, wherein the processing unit
1s configured to cause the RF unit to further transmait
information indicating with which periodicity the specific
number Nr of radio frames that contain a subirame allocated
for the MBSFN occur and information indicating when the
specific number Nr of radio frames that contain a subirame
allocated for the MBSFN starts to occur.

6. The base station of claim 4, wherein the 4” subframe
1s not usable for the MBSFN.

7. A method of receiving, by a user equipment, multime-
dia broadcast multicast service single frequency network
(MBSFN) subirame information, the method comprising;:

recerving MBSFEFN subirame information,

wherein the MBSFN subirame information has a bitmap

for a specific number Nr of radio frames, each of which
includes 10 subirames,
wherein the bitmap includes a plurality of bits respec-
tively corresponding to a plurality of subframes
included in the specific number Nr of radio frames,

wherein each of the plurality of bits indicates whether or
not a corresponding subirame 1s allocated for the
MBSFN,

wherein at least the 07, 4”, 57 or 9" subframe among 0"

to 9% subframes of each one of the specific number Nr

of radio frames are not allocated for the MBSEN,

wherein the specific number Nr 1s 4,

wherein the specific number Nr of radio frames that

contain a subframe allocated for the MBSFN according

to the bitmap occur periodically,

wherein the MBSFEN subiframe information includes ofl-
set information indicating from which subirame the
bitmap 1s applied, and

wherein, when the 07, 57 or 9” subframe among the 0
to 9” subframes of any one of the specific number Nr
of the radio frames 1s allocated for the MBSFEN by the
bitmap, orthogonal frequency division multiplexing

(OFDM) symbols, other than OFDM symbols used for

a synchronization channel, a physical broadcast chan-

nel, a common reference signal and a physical down-

link control channel, {from among a plurality of OFDM
symbols belonging to the allocated 07, 57 or 9” sub-
frame are used for the MBSFN.

8. The method of claim 7, further comprising:

recerving information indicating with which periodicity

the specific number Nr of radio frames that contain a

subirame allocated for the MBSFN occur and informa-

tion indicating when the specific number Nr of radio
frames that contain a subframe allocated for the

MBSFEN starts to occur.
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9. The method of claim 7, wherein the 4”7 subframe is not
usable for the MBSFN.

10. A user equipment for receiving multimedia broadcast
multicast service single frequency network (MBSFN) sub-
frame information, the user equipment comprising:

a radio frequency (RF) unit, and

a processing unit, electrically connected to the RF unait,

that controls the RF unit to receive MBSFN subirame
information,

wherein the MBSFEN subirame information has a bitmap

for a specific number Nr of radio frames, each of which
includes 10 subframes,

wherein the bitmap includes a plurality of bits respec-

tively corresponding to a plurality of subirames
included in the specific number Nr of radio frames,

wherein each of the bits indicates whether or not a

corresponding subirame 1s allocated for the MBSFN,

wherein at least the 07, 47, 5” or 9” subframe among 0%

to 9” subframes of each one of the specific number Nr

of radio frames are not allocated for the MBSEN,
wherein the specific number Nr 1s 4,
wherein the specific number Nr of radio frames that
contain a subirame allocated for the MBSFN according

to the bitmap occur periodically,
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wherein the MBSFN subframe information includes ofl-
set information indicating from which subirame the
bitmap 1s applied, and
wherein, when the 07, 5” or 9” subframe among the 0"
to 97 subframes of any one of the specific number Nr

of the radio frames 1s allocated for the MBSFEN by the

bitmap, orthogonal frequency division multiplexing
(OFDM) symbols, other than OFDM symbols used for

a synchronization channel, a physical broadcast chan-
nel, a common reference signal and a physical down-

link control channel, from among a plurality of OFDM
symbols belonging to the allocated 07, 57 or 9” sub-
frame are used for the MBSFEN.

11. The user equipment of claim 10, wherein the process-
ing unit controls the RF unit to further recerve information
indicating with which periodicity the specific number Nr of
radio frames that contain a subiframe allocated for the
MBSFEN occur and imnformation indicating when the specific
number Nr of radio frames that contain a subirame allocated
for the MBSFN starts to occur.

12. The method of claim 10, wherein the 47 subframe is
not usable for the MBSFN.
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